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cause of vision loss among working-age adults in the US [1]. 
Fortunately, when identified early and treated, the risk of 
vision loss is cut in half [2]. However, according to the National 
Committee for Quality Assurance, our current health care system 
meets guidelines for diabetic screening only by 40-60% of the 
time [3,4]. With a growing population of diabetics [5] and with 
work shortages projected for ophthalmologists [6], innovative 
approaches to diabetic retinopathy assessments could prevent 
needless vision loss. One approach is to use tele-ophthalmology 
to aid in the evaluation process by: 1) increasing local access to 
screening for diabetic retinopathy and 2) risk stratifying patients 
with diabetic eye disease so that those who require treatment can 
be scheduled more efficiently [7-9]. The American Telemedicine 
Association (ATA) has described four categories which classify 
telemedicine programs [10]. In this review, our aim was to 
provide a narrative review of the literature surrounding the 
four different categories of DR screening programs in the US and 
around the world. 

Methods
Initial articles were identified by performing a PubMed search 

using the following key words: “diabetic retinopathy” or “diabetes 
and eye disease” and at least one of the following “telemedicine”, 
“telepathology”, “remote consultation”, “mobile health units”, 
“telemed”, “teleimage”, “teleEye”, “telesurveillance”, “tele-
ophthalmology”, “tele-consultation”, or “tele-retina”. Additional 
inclusion criteria were articles published in English, human 
studies, and publication after the year 2000. The final search was 
conducted on December 4, 2014. With this search, 168 articles 
were identified. For inclusion in this narrative review, a program 
had to have published data on at least 150 patients and describe 
the process of ATA validation for their telemedicine program. 
The purpose of this review was to focus on telemedicine 
programs that have been implemented. By limiting our review to 
programs that had evaluated at least 150 patients, we excluded 
programs that were in the pilot testing-phase. All abstracts were 
reviewed and 30 articles were identified that directly discussed 
validation or design of an included diabetic screening program. 
The bibliographies of articles that were read were then reviewed 

Abstract
Background: Diabetic Retinopathy (DR) is a leading cause 

of blindness worldwide even though successful treatments exist. 
Improving screening and treatment could avoid many cases of vision 
loss. However, due to an increasing prevalence of diabetes, traditional 
in-person screening for DR for every diabetic patient is not feasible. 
Telemedicine is one viable solution to provide high-quality and 
efficient screening to large number of diabetic patients.

Purpose: To provide a narrative review of large DR telemedicine 
screening programs. 

Methods: Articles were identified through a comprehensive 
search of the English-language literature published between 2000 
and 2014. Telemedicine screening programs were included for review 
if they had published data on at least 150 patients and had available 
validation studies supporting their model. Screening programs 
were then categorized according to their American Telemedicine 
Association Validation Level. 

Results: Seven programs from the US and abroad were identified 
and included in the review. Three programs were Category 1 
programs (Ophdiat, EyePacs, and Digiscope), two were Category 2 
programs (Eye Check, NHS Diabetic Eye Screening Program), and two 
were Category 3 programs (Joslin Vision Network, Alberta Screening 
Program). No program was identified that claimed category 4 status. 
Programs ranged from community or city level programs to large 
nationwide programs including millions of individuals. The programs 
demonstrated a high level of clinical accuracy in screening for DR. 
There was no consensus amongst the programs regarding the need 
for dilation, need for stereoscopic images, or the level of training for 
approved image graders.

Conclusion: Telemedicine programs have been clinically 
validated and successfully implemented across the globe. They can 
provide a high-level of clinical accuracy for screening for DR while 
improving patient access in a cost-effective and scalable manner.
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Introduction
Diabetic Retinopathy (DR) represents a major national and 

international public health problem. DR is the most common 
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to identify additional articles not captured in the initial literature 
search, and a total of 35 articles pertaining to specific programs 
were included. 

American Telemedicine Association: Teleoph-
thalmology Practice Recommendations

The ATA has classified tele-ophthalmology screening 
programs into four categories. These categories define the level 
of clinical validation for a program and define program goals 
(Table 1). The ATA guidelines use ETDRS 30°, stereo seven-
standard field, color 35 mm slides as the gold standard for 
diabetic retinopathy diagnoses and grading and comparing all 
tele-ophthalmology programs to this gold standard [10].

Category 1 validation is for programs with the lowest level 
of clinical validation. In a Category 1 program, imaging can 
distinguish between no disease, very mild DR and greater than 
mild DR. No further level of severity stratification is possible in 
these programs. Thus, treatment decisions cannot be made.

Category 2 validation requires a program to be able to rate 
the severity of DR, differentiating between sight- threatening and 
non-sight threatening disease. Sight-threatening DR is defined 
as the presence of Diabetic Macular Edema (DME), severe non-
proliferative DR, or any proliferative DR. With a Category 2 
telemedicine system, decisions can be made about which, the 
patients require urgent referral for treatment.

Telemedicine systems that have undergone Category 3 
validation can stratify the severity of DR to a greater degree than 
Category 2 systems. Category 3 systems can identify defined 

levels of non-proliferative DR (mild, moderate, or severe), 
proliferative DR (either early or high-risk), and the presence or 
absence of DME. In this category, decisions about appropriate 
treatment and follow-up can be made with similar certainty to 
that of a dilated fundus examination by an ophthalmologist. This 
type of telemedicine system allows remote management of less 
severe cases of DR and efficient scheduling of vision-threatening 
cases for different types of treatment that patient may need. 

Category 4 has the highest burden of validation. These 
systems achieve diagnostic accuracy matching or exceeding the 
gold standard ETDRS photos for identifying and defining DR and 
DME. A Category 4 program could replace clinical examination 
or ETDRS photos for clinical or research applications. To our 
knowledge, to date, no such systems have been created or 
evaluated.

The category classifications help define what is possible in 
clinical applications. For example, if the goal of a program is not 
only to identify patients with DR, but also to risk stratify according 
to whether or not vision-threatening disease is present, Category 
2 validation is required. If the program seeks to make treatment 
and follow-up decisions, Category 3 validation is required. In 
this review, we will describe DR screening tele-ophthalmology 
programs that have been validated and implemented in 
Categories 1, 2 and 3. 

Current telemedicine screening programs

Category 1 programs: 

Ophdiat (Paris, France): The Ophdiat® network was created 
in 2004 to serve the area around Paris, France. As of 2009, 

Table 1: Description of each category within the American Telemedicine Associations (ATA) levels of validations.  The levels of DR that can be 
distinguished.

American Telemedicine Associations(ATA) Levels of Clinical Validation

Category 1 Category 2 Category 3 Category 4

Level of 
categorization

• No or minimal 
DR

• More than 
minimal Dr

• No or minimal 
DR

• Mild or 
moderate DR

• Sight 
threatening DR 
or DME

• No DR
• Mild DR
• Moderate DR
• Severe non –

proliferative DR
• Early proliferative 

DR
• High risk DR
• DME

• No DR
• Mild DR
• Moderate DR
• Severe non –

proliferative DR
• Early proliferative DR
• High risk DR
• DME

Capabilities Screening Screening and Risk 
stratification

Screening, Risk stratification, 
treatment recommendations

Exceeds ETDRS seven field photos 
in determining level of DR/DME. 
Can replace ETDRS photos in 
clinical/research programs

Example Programs

Ophdiat (Paris, France) 
(12)

EyeCheck (Netherlands) 
(24)

Joslin Vision Network 
(Massachusetts, USA) 
(8,41,42,43)

NoneEyePacs (California, USA) 
(17)

NHS Diabetic Eye Screening 
program (United Kingdom) 
(31,32,33,34,35)

University of Alberta 
(Alberta, Canada) (46,47,9)

Digiscope (Maryland, 
USA) (22)
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seventeen hospitals, 11 primary healthcare centers and two 
prisons were participating in screening, with 14 ophthalmologists 
serving as graders [7]. The Ophdiat® network used two 45° 
degree photos, one centered on the posterior pole and one on 
the optic disc. The photographs were taken by trained nurses 
or orthoptists. Dilation was used if the photographer felt the 
pupil size affected image quality. Compressed Joint Photographic 
Experts Group (JPEG) images were graded remotely by an 
ophthalmologist within two business days and reports were sent 
back to primary care providers, who communicated the results 
and follow-up recommendations to the patients. Images were 
graded for level of DR, presence or absence of DME, and any other 
incidental findings. Patients with no DR or mild DR were followed 
with repeat photographs in 1 year. Those patients with worse 
than mild DR, had a visit scheduled with an ophthalmologist [7].

The Ophdiat® network had screened over 38,000 patients 
as of 2009 [7]. Implementation of this telemedicine program 
had increased screening rates from 50% in 2001 to 72.4% in 
2005 (P <0 .001) while decreasing the amount of time spent 
by ophthalmology staff by 60% per case of diagnosed DR [11]. 
The ophthalmologist read the photographs and examined any 
positive results in person.  Even with the 20% increase in total 
patients screened, this still led to a 60% reduction in time spent 
by the ophthalmologist (reading and examining positive screens 
in person) per case diagnosed. 

The Ophdiat® network cites a study from Massin [12] that 
compared non-mydriatic digital photography to standard seven-
field ETDRS photos as evidence for the validity of the program. 
In that study, a comparison of the two imaging modalities in 
147 eyes found an agreement of between 92% and 100% for the 
diagnosis of moderately severe to severe diabetic retinopathy. 
In another analysis of the Ophdiat network, 59/456 (13%) of 
patients evaluated through the telemedicine program were 
referred for full ophthalmologic examination. Twenty-three 
(39%) were referred for DR and 36 (61%) were referred for 
other ocular pathology or due to ungradable images [13].

Five percent of all images are randomly selected for re-grading 
by a second ophthalmologist to ensure internal consistency. With 
this approach, they have achieved a 92-99% agreement rate 
between different graders. They attributed a low ungradable rate 
< 10% to a structured training and monitoring program for the 
photographers [14]. 

EyePACS (California, US): EyePACS is license-free web-
based DR screening tool developed in 2001 designed for primary-
care offices. EyePACS offered the software for free but provided 
training and image reading by an optometrist for a fee. If an 
outside grader was used, the grader had to undergo EyePACS 
certification [15]. The system was initially piloted in 2006 on 
3,500 patients [16], and as of 2010, EyePACS has facilitated over 
53,000 screening encounters for DR in California [17]. However, 
of the 15% of patients referred for follow-up care through 
EyePACS screening, only 30% returned to their eye care provider 
for follow-up [17].

EyePACS imaging protocol used three non-stereo images 

of each fundus with selective dilation. It used a similar imaging 
protocol, with the exception of stereopsis, to the well-studied 
Joslin Vision Network imaging protocol (discussed below) and 
that was their rationale for forgoing validation of their protocol 
for diagnosis of DR. However, they did validate the program 
for evaluation of Clinically Significant Diabetic Macular Edema 
(CSDME, as defined in the ETDRS study [2]). They used the 
presence of hard exudates within one disc diameter of the fovea 
as a surrogate marker for CSDME, which had been shown to have 
a good sensitivity for CSDME in non-stereoscopic imaging [16]. In 
a study looking at the diagnosis of CSDME in 143 patients using 
the EyePACS system compared to in-person examination by an 
optometrist, the program was found to have sensitivity between 
75% and 93.8% and specificity between 85.1% and 88.5% 
between multiple image graders [17]. 

Digiscope (Baltimore, US): The Digiscope is a mydriatic, 
monochromatic red-free camera that images the central 45-
50° utilizing a series of 10 overlapping photos. The Digiscope 
was designed for the use in primary care offices. Red-free 
images have been shown to have increased sensitivity for 
detecting DR by increasing contrast visibility for readers [18]. 
The DigiScope featured automated functions, including pupil 
alignment, autofocus, and automated image acquisition in order 
to be more user-friendly and facilitate use by a wide variety of 
paraprofessional staff in primary care physicians’ offices [19]. All 
images taken in the primary care providers’ offices were uploaded 
to a reading center for grading by certified readers. These 
certified graders had 91% agreement with an ophthalmologist in 
the decision to refer a patient for further treatment for DR in a 
study involving over 1,600 eyes [20]. 

In 2004, researchers performed a validation study of the 
DigiScope in 111 diabetic patients compared to 7-field ETDRS 
stereo color photos to determine if DR was present or absent and 
if > mild DR was present. There were similar rates of gradable 
photos (85% for Digiscope versus 88% for standard color 
photos) and excellent agreement for determination of presence 
or absence of any level or retinopathy (kappa = 0.96, 95% 
confidence interval 0.87- 1.00). There was also good agreement 
between readers in distinguishing between > mild DR and less 
severe cases (kappa = 0.83, 95% confidence interval 0.64-0.98). 
As the DigiScope was intended for screening only, further risk 
stratification was not evaluated [21]. After greater than 100,000 
screening exams both in the US and abroad [22], the Digiscope 
has facilitated an average referral rate for pathology of around 
20% in patients with no known prior diabetic retinopathy [23], 
which is approximately equal to the rates of referral for pathology 
in other large tele-ophthalmology diabetic retinopathy programs 
[8,12].

Category 2 programs: 

Eyecheck (Netherlands): In 2000, the EyeCheck program 
was developed in the Netherlands as a web-based tele-
ophthalmology program designed for primary care offices. 
Primary care physicians or their staff take two photos of the 
retina (one centered on the disc and another on the fovea), either 
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dilated or undilated at the screening sites’ discretion. Images are 
graded by an ophthalmologist. Images are designed to distinguish 
between no DR, non-urgent DR, and urgent DR (defined as 
neovascularization of the disc) [24]. As of 2010, approximately 
30% of the diabetic population in the Netherlands had been 
screened through this program [25]. 

Although the system claims Category 2 validation, it has 
not been directly compared to ETDRS photographs or clinical 
examination. For validation, the founders of the program 
highlighted an earlier study by Van Leiden involving 442 eyes that 
showed moderate agreement (kappa = 0.54) between two-field 
non mydriatic digital photography and indirect ophthalmoscopy 
by an ophthalmologist for the diagnosis of any level of DR [26]. A 
quality assessment study of the Eyecheck system showed a high 
inter-grader reliability (κ =0.93, 85% confidence interval 0.90 - 
0.96) [24]. 

National health services diabetic eye screening program 
(United Kingdom): The NHS Diabetic Eye Screening Program 
(NDESP) was the first large-scale screening program instituted 
on a governmental level. It serves England, Wales, Scotland and 
Northern Ireland. [27] NDESP is reliant on local programs that 
adhere to the UK National Screening Committee Guidelines. In 
England, Wales, and Northern Ireland two mydriatic photos are 
taken per eye, while in Scotland, a single photo with selective 
mydriasis is taken [28]. The NDESP utilizes trained non-
ophthalmologist image graders and has built-in quality assurance 
controls. A primary grader determines if any diabetic retinopathy 
is present. If any level of diabetic retinopathy is found, the 
images are graded by a secondary grader blinded to the results 
of the first grader. Additionally, 10% of all images rated as “no 
retinopathy” by the first grader are screened by the secondary 
grader for quality assurance. When a disagreement arises, the 
case is adjudicated by a third grader who is an ophthalmologist, 
a retinal specialist, or a diabetologist with training in diabetic 
retinopathy image analysis [27,29,30].

The NDESP grading scheme defines four levels of retinopathy 
(R0 to R3) and the presence or absence of CSDME (M0 or 
M1).  Referral to a hospital eye-service is offered if level R2 
retinopathy (defined by the presence of venous beading, venous 
loop or reduplication, intra-retinal microvascular abnormalities, 
multiple dot-blot hemorrhages, or a cotton wool spot) or if M1 
level maculopathy is found. Urgent referral to an ophthalmologist 
for treatment is made if proliferative changes (Level R3) are 
identified [29]. Thus, the UK NDESP functions as a Category 
2 program because their screening outcomes are annual 
telemedicine follow up for less than the R2 level disease, non-
urgent referral for R2 level disease and urgent referral for R3 
level disease or M1 level maculopathy. 

The research branch of the NDESP, known as the UK Diabetes 
Research Network, cites five studies in their 2010 report 
as the foundation for the use of two-field mydriatic fundus 
photography in their tele-ophthalmology system [28]. The first 
study, by Taylor and colleagues, showed digital photography 
to be equivalent to Polaroid base film cameras [31]. A separate 

research group in Alberta, Canada provided evidence that 
stereo images of the macula were 90.6% sensitivity and 92.4% 
specific for detecting clinically significant DME using contact 
lens biomicroscopy as the reference standard in a study of 207 
eyes [32]. Sharp and colleagues showed that digital photography 
had a 50% lower technical failure rate than color slides and 
was more sensitive than optometrist examination in detecting 
DR (83% versus 75% respectively) [33]. Similarly, a study by 
Olson [34] directly compared mydriatic one-field and two-field 
red free digital images, color slides, and dilated fundus exam 
by an optometrist, to the gold standard of a dilated fundus 
examination by a retinal specialist in 586 patients. Both one and 
two-field protocols produced excellent results with a sensitivity 
of 93% and specificity of 87%. These results were comparable 
to color slides and superior to optometrist examinations [34]. 
The final supporting literature cited by the UK Diabetes Research 
Network compared two-field mydriatic, non-mydriatic 1-field 
photography, and a gold standard of an ophthalmologist’s exam. 
Both imaging modalities had good sensitivity (86% mydriatic 
and 87.8% for non-mydriatic). Single-field non-mydriatic 
photography had a high technical failure rate (19.7%) and a 
lower specificity (76.7% versus 86.1%) compared to mydriatic 
images [35]. With this level of evidence, the NDESP straddles the 
border between a Category 2 and a Category 3 system.

In 2012, nearly 2 million people were screened for DR under 
this program [36]. In 2013, approximately 74,000 people were 
referred to an eye care specialist and around 4,600 treatments 
were given as a result of the screening program [37]. Researchers 
have praised this program for lowering the rate of vision loss due 
to diabetes. After the United Kingdom initiated NDESP, DR was 
no longer the leading cause of blindness in England and Wales for 
the first time in five decades [38].

Category 3 programs: 

Joslin Vision Network (US): The Joslin Vision Network 
(JVN) focuses on screening for and diagnosing DR and its 
protocols have undergone rigorous validation studies. The JVN 
system was developed in collaboration with the Veteran’s Health 
Administration, the Department of Defense, and the Joslin Diabetes 
Center (Boston, MA) in 2000 [39]. JVN protocols are currently 
in use by the Veteran’s Affairs health system, the Indian Health 
Services, the Department of Defense and several other private 
and public health systems in the US.  Non-mydriatic, color, stereo 
photos are obtained in three fields: 1) the optic disc and macula, 
2) the field nasal to the disc, and 3) the superotemporal arcade. 
An external non-stereo image is obtained of the anterior eye and 
adnexa. A trained eye-specialist reads the images manually using 
a software template to calculate the patient’s ETDRS Severity 
Scale and recommends follow-up based on the disease severity 
[8]. The rationale behind using three-stereo fields in lieu of the 
standard seven-field ETDRS protocol came from earlier work 
using data from the Wisconsin Epidemiologic Study of Diabetic 
Retinopathy (WESDR). Moss and Klein [40] evaluated fundus 
photographs from 2,410 patients from the WESDR cohort. They 
found that using the three fields described above instead of the 
standard seven resulted in 91% agreement when looking at the 8 
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ETDRS levels of DR and 95% agreement when looking at 4 levels 
of DR.

One study of 535 eyes compared the JVN tele-ophthalmology 
diagnosis to a fundus examination by a retina specialist. There 
was 72.5% exact agreement and 89.3% agreement within one 
ETDRS level between the tele-ophthalmology diagnosis and 
the gold standard [8]. A second similarly designed study of 482 
eyes found a sensitivity of 98% and specificity of 100% within 
one ETDRS grade among eyes with gradable images. Perfect 
agreement was reported for diagnosis of DME [41]. In a separate 
study of 108 diabetic eyes, moderate agreement (kappa = 0.65, 
p < 0.03) was achieved between tele-ophthalmology diagnosis 
and ETRDS seven-field color slides and high agreement 
(kappa = 0.85, p-value < 0.03) was achieved when comparing 
recommended follow-up intervals [42]. Finally, a prospective 
study compared tele-ophthalmology images, seven-field ETDRS 
color photographs, and dilated fundus examination in 52 diabetic 
patients [43]. JVN matched the clinical examination diagnosis of 
CSDME and DR within 1 ETDRS level in 100% of eyes. Compared 
to standard seven-field ETDRS photos, the JVN diagnosis matched 
the diagnosis within one level of DR in 96.2% of eyes and matched 
in 100% of the cases of DME [43]. 

The JVN imaging protocol has been most widely disseminated 
through the Veteran’s Affairs (VA) administration and the Indian 
Health Services (IHS). At the VA, over 120,000 tele-ophthalmology 
examinations have been performed using a Category 3 protocol 
similar to the JVN protocol. A randomized study at the VA 
showed patients enrolled in the tele-ophthalmology program 
were more likely to have annual screening than those in the 
traditional screening program (87% vs. 77%, p < 0.01) [44]. 
Studies comparing screening and laser treatment rates in the 
Indian Health Services, which also implemented a Category 3 
protocol similar to the JVN protocol, have shown an increase in 
both screening and laser treatment rates by 50% in 4 years [45]. 

University of Alberta (Canada): In Alberta, Canada, 
ophthalmic telemedicine programs have been created to address 
the growing burden of diabetes, especially in remote regions 
of the province with limited access to medical care. Starting 
in 1997, the provincial government, in conjunction with the 
University of Alberta, developed a proprietary web-based system 
for screening and management of DR. Because many patients live 
over 1,000 kilometers from an ophthalmologist [9], the Alberta 
tele-ophthalmology network was designed to be a Category 3 
program to allow for distance diagnosis and remote management 
when possible, referring only those who need treatment to an 
ophthalmologist. 

The Alberta program uses seven-field ETDRS dilated digital 
photography with stereoscopic images of the optic disc and 
macula [46]. An initial study comparing this imaging modality 
to seven-field ETDRS photos in 241 eyes showed a perfect 
correlation coefficient (r = 1.00, p < 0.001) for clinically significant 
DME and high-risk proliferative DR and strong correlation (r = 
.86, p < 0.001) for high-risk non-proliferative DR. [47]. A later 
study evaluated the effect of 16:1 image compression and remote 

satellite upload and found that the diagnoses were still highly 
accurate (kappa > 0.71) when compared to seven-field ETDRS 
photos [46]. As of 2009, over 6,000 patients have been screened 
and over 1,000 patients have been referred to an ophthalmologist 
for the treatment of vision-threatening retinopathy [9]. To 
facilitate adherence to treatment recommendations, the 
University of Alberta helps to arrange for all necessary testing 
and treatment to occur in a single visit for remote patients who 
screen positive for vision-threatening disease [9].  

Telemedicine for DR issues 

Many facets of implementation can affect the quality of a DR 
screening program. We will address the following issues:

• Dilation

• Ungradable Images

• Grader Training

• Automated Grading

•  Access to Treatment 

• Remote Education 

• Cost-Effectiveness

Dilation: While dilation of the pupil has been shown to 
increase the rate of gradable images [35] and thus decrease 
unnecessary referrals [48], dilation increases the time of an 
examination and increases patient discomfort. Dilation may 
discourage patients and primary providers from participating 
in a program. Additionally, dilation has a small risk of inducing 
acute-closed angle glaucoma in individuals with a predisposing 
ocular anatomy. Acute-angle closure glaucoma is an ophthalmic 
emergency requiring urgent ophthalmologic care. Since the 
screening exams are not carried out in the presence of an 
ophthalmologist, the patient is at higher risk for vision loss. A 
large meta-analysis evaluating the risk of inducing angle-closure 
glaucoma found no cases in the literature when dilation with 
only tropicamide was used [49]. When longer acting agents were 
used, such a phenylephrine, rates of angle closure were between 
1 in 3,380 to 1 in 20, 000 depending on the population and study 
methods [49]. Some programs utilize selective mydriasis, only 
dilating if the photographer was unable to obtain a suitable 
quality of non-mydriatic photo. One study found that 84% of 
patients with poor quality non-mydriatic photos had acceptable 
quality photos after dilation [50]. Overall, each program must 
decide whether the benefits of dilation outweigh the risks and 
what protocols are necessary to handle a case of acute angle-
closure glaucoma should it arise. 

Ungradable images: An important issue in tele-
ophthalmology is handling un-gradable images. All un-gradable 
images are treated as a positive screen requiring the patient 
to have further, usually in-person, evaluation. Some systems 
rely on trained photographers or automated image analysis to 
immediately identify poor quality images and prompt repeat 
imaging. Multiple studies have found that there is a strong 
association between having an un-gradable image and the 
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presence of ocular pathology other than DR [8,48]. The most 
common source of ocular pathology limiting the gradability of 
these remote images is cataract [8,51]. Therefore, referral for un-
gradable pathology is oftentimes appropriate.

Training of imagers: The responsibility of acquiring images 
is an important one for any tele-ophthalmology program. In many 
programs the imager not only is responsible for photography, 
but also assesses the quality of images and often provides 
basic counseling to the patient. Most programs have shifted 
this responsibility to non-medical staff with specific training in 
ophthalmic photography and diabetic retinopathy [9,39]. Often, 
programs have quality assurance protocols in place to ensure 
that individual photographers are meeting pre-specified metrics 
for the quality of images taken and rate of ungradable photos [7].

Training of graders: Task-shifting is a primary goal of tele-
ophthalmology for DR as the population ages and the burden 
of diabetic eye disease increases [6]. Some screening programs 
have employed primary care providers [52,53], optometrists 
[54] or endocrinologist [55] as graders after receiving training in 
reading fundus photos, but these providers are also quite time-
constrained. Other screening programs, such as the UK program 
and the DigiScope system (20), have trained professional 
“graders” who work under the guidance of an ophthalmologist. 

Role of automated fundus analysis software: Automated 
software to grade DR is being developed to decrease the burden 
of reading on healthcare providers and to increase the fidelity of 
image grading, currently automation falls into four categories, 
image quality analysis, pre-screening, grading-assist, and full 
analysis. Quality analysis provides photographer feedback to 
indicate if images are of poor quality so that they can be repeated 
at the point-of-care [56,57]. Pupil size analysis can be provided 
to indicate when dilating the pupil would be more likely to result 
in a gradable image. The pre-screening software is designed to 
eliminate the photos without DR. The pre-screening software 
can reduce the number of photos that need to be graded by up to 
50% [58]. Grading-assist involves lesion identification to assist 
with manual grading. The software will highlight potentially 
concerning lesions that are then confirmed by the grader [59]. 

Full analysis software is being developed to detect and 
grade the severity of any identified retinopathy. One automated 
detection algorithm is the Iowa Detection Program (IDP). The 
various iterations of IDP have been tested in several studies 
and show good correlation to in-person image grading. An IDP 
validation study of 874 patients showed a sensitivity of 96.8% 
and a specificity of 59.4% for identification of referable DR [60]. 
While the low specificity would generate unnecessary referrals, 
for the purpose of screening, high sensitivity is often more 
important to avoid missing affected patients.  Other groups have 
tested their own fully automated analysis software in France [61] 
(sensitivity 92%, specificity 50%), the UK [62] (sensitivity 99%, 
specificity 26%), and Australia [63] (sensitivity 85%, specificity 
90%) with the similar results. In addition to the decreasing 
workload and improving efficiency, an automated grading 
systems has the potential to decrease costs. One study estimated 

that incorporating automated grading software into the national 
screening program in Scotland would save nearly 200,000 British 
pounds annually [64].

Access to treatment: Screening programs must ensure 
whether patients received appropriate treatment to prevent 
loss of vision. For example, the UK national screening system is 
not measuring its success by the number of patients screened, 
but by the number of diabetics who received treatment. In rural 
areas and low- and middle-income countries, access to treatment 
represents an even larger barrier than access to screening 
[65,66].  Some networks have developed unique and innovative 
approaches to this problem. For instance, in the rural Indian state 
of Karnataka, the Nayana Project has a mobile van with diagnostic 
and treatment equipment. The van goes to each community to 
treat patients who have screened positive for disease [67]. In the 
screening program being developed at the Aravind Eye Institute 
in the state of Tamil Nadu in India, the existing community vision 
center infrastructure is utilized to ensure that patients receive 
the treatment they needed, and there is a sliding scale in place 
for payment for treatment [68]. The Aravind Teleophthalmology 
Network (ATN) utilizes remote vision centers staffed by 
ophthalmic technicians in addition to the conducting diabetic 
retinopathy camps to reach large number of patients in remote 
areas. Photographs are sent from the vision-centers to physicians 
at central grading centers and real-time consultation can be 
performed with video-teleconference technology [68].

Remote diabetes education: One benefit of tele-
ophthalmology is the effect it can have on patients’ general 
diabetic control if an educational component is included. In one 
study where patients underwent remote fundus photography 
and education, their HbA1c decreased by 1.61 points compared to 
patients undergoing standard endocrinology evaluation [55]. In 
another study, participation in the tele-ophthalmology program, 
which included discussion of results, an educational session, and 
care coordination was correlated with statistically significant 
improved HbA1c and low-density lipoprotein levels [69].

Cost-Effectiveness: In order for a large-scale screening 
program to reach enough people to be successful, it must also be 
cost-effective. While the value of systematic screening for DR in 
general has been well established [70,71], the cost-effectiveness 
of tele-ophthalmology over traditional screening mechanisms 
is an area of more recent research. In one cost-effectiveness 
analysis of the JVN protocol compared to standard clinic-based 
screening, researchers predicted 148 more cases of PDR would 
be detected while also saving $320,000/year if the protocol was 
instituted in the Indian Health Services. Similarly, at the VA, using 
tele-ophthalmology would prevent 5 cases of severe vision loss 
while simultaneously saving $2,260,000/year [72]. Another 
cost-effectiveness simulation modeling tele-ophthalmology 
versus in-person examination for the First Nation’s indigenous 
population in Canada revealed a cost of $15,000.00/QALY 
for tele-ophthalmology compared to $37,000.00/QALY for 
traditional screening. This cost-savings would allow the program 
to pay off the initial equipment and hardware costs in as little as 5 
years [73]. Similarly, in the Appalachian mountains of rural West 
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Virginia, a tele-ophthalmology program was shown to save $150 
per patient over 7 years [74]. In areas where in-person access 
to an ophthalmologist is limited, DR screening through tele-
ophthalmology can be very cost-effective.

Not all studies, however, support the cost-effectiveness 
of tele-ophthalmology for screening DR in all situations. In an 
analyzes by Kirkizlar using information from 900 VA patient 
charts, tele-ophthalmology was found to be cost-effective only 
if the system was implemented for a patient population greater 
than 3,500 and patients were < 80 years old [75]. Similarly, the 
same analyzes that found tele-ophthalmology to be cost-effective 
at the VA and Indian Health Services found that it would cost 
an additional $13,700 per case of severe vision loss prevented 
in the Department of Defense patient population [72]. Other 
studies have questioned the value of universal screening, either 
in-person or with tele-ophthalmology, in low-risk patients. 
Vijan found that screening low-risk diabetic patients annually 
versus every three years saves an average of only 3 days of sight 
over the course of a lifetime while it cost over $200,000/QALY. 
They recommended either biannual screening or a customized 
approach for each patient [76].   

Conclusion
Many tele-ophthalmology programs for DR screening have 

been implemented throughout the world (Table 2). Reviewing 
these programs through the prism of their respective ATA 
category allows important insight into their capabilities and 
goals. Category 1 programs, such as the DigiScope system, aim 
to screen for the presence or absence of DR and refer only those 
with DR for ophthalmic care, reducing the burden of screening 
patients without retinopathy. More advanced programs, like the 
Category 3 JVN system in the US, require more extensive research 
prior to implementation as they are able to screen both for the 
presence or absence of DR and make follow-up and treatment 
recommendations based on the level of DR found on their remote 
examination. 

The literature has shown that tele-ophthalmology DR 
screening improves screening rates, improves treatment rates, 
can improve general diabetes control, and can reduce vision loss 
due to diabetes. Additionally, screening for DR via telemedicine 
can be cost-effective, especially in remote and underserved areas. 
Given the success of these early programs, we may see a surge 
in tele-ophthalmology programs for diabetic screening in the 
future. 

Table 2: Features of the diabetic retinopathy screening programs.

Ophdiat EyePACS Digiscope Eye check NDSP JVN University of Alberta

Country France US US Netherlands UK US Canada

ATA Category 1 1 1 2 2 3 3

Examiner Nurses or 
orthoptists

Nurse, trained 
non-medical 
staff

Nurse, trained 
non-medical 
staff

Nurse, trained 
non-medical staff

Trained non-
medical staff

Trained non-
medical staff

Trained non-medical 
staff

Setting Hospital Primary care 
office

Primary care 
office

Primary care 
office

Primary care 
office, hospital 
or optician’s 
office

Primary care 
office or hospital

Primary care clinic, 
hospitals, pharmacies,
optometry offices

Camera
Cannon CR-
DGI Topcon 
–NW6

Cannon CR-DGI 
Cannon CR-1 Digiscope

Cannon CR5-
45NM Topcon 
–NW100

Multiple models Topcon TRC-
NW6S Multiple models

Grader Ophthalmolo-
gist

Optometrist  or 
ophthalmologist

Non-
ophthalmologist 
trained readers

Ophthalmologist
Non-
ophthalmologist 
trained readers

Optometrist  or 
ophthalmologist Ophthalmologist

Dilation As needed As needed No As needed Yes* No Yes 

Photography 
Scheme

Two-non 
stereo photos

Three non- 
stereo photos

Ten non-stereo 
photos

Two non- stereo 
photos

Two stereo 
photos**

Three stereo 
photos

Two stereo and five 
non- stereo photos 

Grading criteria ALFEDIAM ETDRS ETDRS ETDRS NDESP grading 
Scheme ETDRS ETDRS

Funding source Publically 
funded

For profit 
company

For profit 
company Publically funded Publically 

funded
Not for Profit-
organization Publically funded

*For England, Wales and Northern Ireland, Scotland uses selective dilation
**For England, Wales and Northern Ireland, Scotland uses single photo
ALFEDIAM: Association de Langue Francaise pours L’Etude du Diabete et des Maladies Metaboliques (French Language Association for the Study of 
Diabetes and Metabolic Diseases) 
ETDRS: Early Treatment of Diabetic Retinopathy Study
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